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ABSTRACT  
Study on isolation of bacterial species associated with ugba fermentation was carried out. Bacterial species including  
Bacillus licheniformis, Bacillus sphaericus, Bacillus subtilis, Bacillus pumilus, Bacillus firmus, Escherichia coli, Klebsiella and  
Staphylococcus were isolated from traditionally fermented ugba (TPU) obtained from the market, whereas laboratory produced 
ugba (LPU) indicated the presence of Bacillus licheniformis, Bacillus pumilus, Bacillus sphaericus, Bacillus subtilis and  
Staphylococcus before boiling and fermentation. The absence of Bacillus pumilus and Staphylococcus was evident in LPU 
during post fermentation assay. Quantitative estimation of pentose and hexose sugars which are product of hydrolysis of 
galacto-oligosaccharide content of the test legume reduced from 1158 ppm – 346.4 ppm and 588 ppm – 516 ppm 
respectively. Greater loss was observed after boiling of LPU (564 and 486 mg/l) on comparison to TPU (94 and  
10 mg/l) for pentose and hexose respectively. Plasmid profile analysis carried out showed that Bacillus species 
from fermented and unfermented ugba had bands indicating the presence in the organism of the genes coding for enzymes 
responsible for hydrolysis of oligosaccharides in the substrate. This study elucidates the need for good manufacturing 
practices and adequate boiling before consumption of ugba with the view to prove that there are other Bacillus species aside 
B. subtilis which can ferment ugba (Pentaclethra macrophylla) to give it its characteristic flavour and taste. It also 
quantified the effect of fermentation process on some dietary carbohydrate content of the ugba. 
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Introduction  
Ugba also called ‘Ukpaka’ in Eastern part of 
Nigeria is an indigenous fermented food, rich in 
protein (Achinewhu, 1982) and obtained by a solid 
state fermentation of seeds of African oil bean tree 
(Pentaclethra macrophylla), a perennial legume 
tree (Njoku and Okemadu, 1989; Njoku et al.,  
1990). The brown, glossy, flat seeds measures 5 to  
7 cm in diameter and weighs between 5 g to 20 g 
(Pierson et al., 1986). It is a popular food delicacy 
in Nigeria especially among the Ibo ethnic group 
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where it serves as snack or as a food condiment.  
It is an essential food item for various traditional 
ceremonies where it is mixed with slices of boiled stock 
fish (ugba na okpoloko), garnished with steamed 
vegetables and consumed by all socio-economic class 
(Achinewhu, 1982). The unfermented seeds are bitter to 
taste and contain toxic alkaloids and saponins (Mears 
and Marbry, 1971). The natural fermentation of the 
seeds which at present is still done at the household 
level renders the product nutritious, palatable and 
non-toxic. Its production, like many other African 
fermented foods depends entirely on mixed fermentation 
by micro-organisms from diverse sources, some of 
which may still be 
74 Nigerian Food Journal Vol. 32 No. 2, 2014 ... Full Length Article 
 
alive and active when the product is consumed. 
The method of production however, varies from 
one producer to another resulting in none 
uniform product with short shelf life. 
 
The processes of ugba production, the micro-
organisms encountered during the production and 
the physiochemical properties of the product have 
variously been reported most of which incriminate  
Bacillus subtilis and Bacillus cerus as the major 
fermenting organism (Obeta, 1983; Kolawole and 
Okonkwo, 1984; Njoku and Okemadu,1989; Njoku et 
al., 1990; Isu and Njoku, 1997; Enujiugha, 2009).  
Furthermore, some of the fundamental problems 
associated with ‘ugba’ like other Nigeria indigenous 
fermented and beverages include its short shelf life 
arising from uncontrollable fermentation that occurs 
after the normal production period and the 
vulnerability of the product to contamination by 
pathogenic microorganisms during production and 
storage (Orji et al., 2003). This study however, was 
carried out to comparatively determine the bacterial 
load of the ugba produced traditionally and in the 
laboratory; to identify organisms responsible for 
fermentation, as well the plasmid profiling of the 
fermenting organisms to check the possibility of their 
use in cloning and industrial applications; to identify 
and check the effect of fermentation process on some 
dietary carbohydrate content of the ugba. 
 
Material and Methods  
Sample collection  
The seed of African oil bean (Pentaclethra 
macrophylla) and the traditionally prepared ugba (TPU) 
used in this study was purchased from Mbaise in 
Imo State using a surface sterilized (Yee et al., 1998) 
cellophane bag and was taken to the laboratory within 1 
h of collection for analysis and other processes. 
 
In vitro/ Laboratory production of ugba (LPU)  
The traditional method of ugba production described 
by Njoku et al. (1990) was modified in this work. 
One kilogram (1 kg) of the seeds of African oil bean 
tree (Pentaclethra macrophylla) was boiled for 6 hrs. 
The seeds were then dehulled and 
 
the cotyledons were washed in sterile water and 
thereafter sliced longitudinally using sharp surface 
sterilized table knife. The slices were washed and 
introduced into sterile screw capped wide bottles. 
The bottles containing the slices were then boiled 
for 1 h. On cooling down to room temperature, the 
bottles were aseptically inoculated with 1 ml of 
suspension from a starter culture and covered with 
sterile cotton wool. Fermentation was allowed to 
proceed for 48 hrs at room temperature (28+ 2
o
C). 
 
Traditional method  
The traditional method of producing ugba bought 
from the market as explained by the seller involved 
boiling some quantities of the seeds of oil bean tree  
(Pentaclethra macrophylla) for 6 h to ease the removal 
of hard shell. When the shells are removed, the 
cotyledons were washed with unsterilized water and 
sliced into sizes. The slices were then washed and boiled 
for 2 h and soaked in water overnight. They are washed 
again and allow to drain for 30 – 60 min in a basket 
lined with banana leaves (Musa sapietum linn). They 
were then wrapped with ‘ororompo’ leaves (Mallotus 
oppositifolius mull) in 40 – 50 g wraps. The wraps are 
allowed to stay (ferment) for 3 – 4 days at room 
temperature before use as ugba. 
 
Collection of sample 
 
Boiled for 6 hrs 
 
De hulled 
 
Washed in sterile water 
 
Sliced 
 
Introduction into surface sterilized bottles 
 
Boiled for 1 h 
 
Inoculation of started culture 
 
Fermented for 48 h at room temperature 
 
Fig. 1: Flowchart for laboratory fermentation (In 
Vitro) of ugba 
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Development of starter culture  
Pure culture of Staphylococcus aureus, 
Escherichia coli, Bacillus species and Klebsiella 
isolates from traditionally produced ‘ugba’ were 
developed by inoculating each of the organisms in 40 
ml peptone water and incubated for 24 h at room 
temperature (30+20
o
C). The organisms were further 
developed by transferring them into 100 ml peptone 
water ugba extract broth (PWUEB) in 250 ml flask 
and incubated for 24 h at room temperature. Each of 
the cultures was finally grown on sterile ugba 
extract agar for 18 h at room temperature. The 18 h 
old cultures were then used as the starter cultures. 
 
Isolation of microorganism  
Fermented samples of ugba were taken aseptically 
from traditional fermented oil bean. One gramme of 
each samples was homogenized with 9 ml of peptone 
water as diluents in the test tubes and the content was 
thoroughly shaken and sequential serial dilution (10
-
1
, 10
-2
, 10
-3
, 10
-4
, 10
-5
, 10
-6
) were made from the 
solution by adding serially 1 ml of the solution from 
concentration to the diluents using sterile pipettes. 
The nutrient agar was incubated for 24 h at 30
0
C. The 
cultural characteristics of the isolates of the agar 
plates were observed. The motility of the isolates was 
examined using the hanging drops techniques of 
Cheesbrough (1994) as well as the  
Gram stain reactions of heat fixed smear were. 
The identification procedures for the 
microorganism were carried out. Pure cultures of 
different organism isolated were sub-cultured and 
present on the agar slants at refrigeration temperature 
(4
0
C) and used as stock culture for biochemical tests. 
 
Identification of bacterial isolates  
This was carried out using the morphology and 
biochemical characteristics of isolates as described 
by Holt (1984) and Cowan and Steel (1993). 
 
Determination of some product of 
oligosaccharide hydrolysis in oil bean seed 
The quantitative estimate of pentose and hexose’s 
sugars which are products of oligosaccharide 
hydrolysis were determined by using the phenol 
 
sulphuric acid method of Pearson (1981). About 
2.0 g of the sample was macerated using mortar 
and pestle of about 50 cm
3
. Cold ethanol extraction 
was the carried out. The filtrate was used for 
the sugar estimated by transferring 2 ml of the 
extract into a 50 cm
3
 beaker, into which 1 ml of 
5% phenol solution was added, followed by 
addition of 5 ml of concentrated H2SO4. Similar 
treatment was also carried out using standard sugar 
solution. The samples were allowed to stand for 10 
min, shaken and placed in the water bath for 15 
min. The absorbance was then measured at 490 nm 
(for hexose) and 480 nm (for pentose). 
 
Plasmid profiling  
Extraction of plasmid from gram positive bacteria  
The bacteria cells were grown overnight on Luria-
Bertani broth supplemented with 50 Ug/ ml 
ampicillin. One millilitre was transferred into 
eppendorf tubes and centrifuged at 13000 rpm for 2 
min to pellet cells. Normal saline [500 µl] was 
added and vortexed. It was centrifuged at 13000 
rpm for 10 sec to wash the cells. The supernatant was 
removed and cells were re-suspended in 500 µl of 
Tris (10mM)-EDTA (1mM) – sucrose (50mM) buffer 
(pH 8.0), 500 µl of lyses buffer containing SDS and 
lysozyme were added and incubated at 37
o
C for 24 h. 
Thereafter, it was boiled at 95
o
C for 3 min in a 
thermomixer. The suspensions was neutralized by 
adding 3M potassium acetate (pH 5.2) and 
centrifuged at 13000 rpm for 5 min. The supernatant 
of the suspension were transferred into a new pre-
labelled sterile eppendorf tube and twice the volume 
of absolute ethanol were added and centrifuged at 
10000 rpm for 5 mins. The supernatant was discarded 
and pellet was washed with 70% and air dried. The 
DNA pellets were re-suspended in 40 µl of Tris-
EDTA buffer (pH 8.0).  
The extracted plasmid DNA was quantified and 
purity assessed using Nanodrop spectrophotometer. 
 
Agarose gel electrophoresis of purified plasmid DNA  
Agarose gel was prepared and allowed to cool at 
50
o
C. 10 µl of ethidium bromide was added into 
the gel and mixed and poured into the casting tray 
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prefixed with a comb. The electrophoresis was 
done by loading the DNA sample (15 µl) mixed 
with gel loading buffer (2 µl) into the well of the 
agarose gel. The HND III digested (DNA 
markers) were loaded to the first well as 
marker and the gel was run at 70 V for 1 h 40 
min after which the electrophoresis gel was placed 
on the slide of a UV-transilluminator. The UV 
protector lid was closed and the DNA bands 
(pink florescence) were viewed under UV light. 
 
Results and Discussion  
The results obtained from microbiological analysis 
depicted the presence of Bacillus licheniformis, B. 
sphaericus, B. subtilis, B. firmus, B. pumilus, 
Escherichia coli, Klebsiella sp. and Staphylococcus 
aureus (Table 1). Previous reports on the use of Bacillus 
specie as the main starter food fermentation have been 
made (Enujiugha, 2009) which is in line with this study. 
 
Table 1: Microbiological and biochemical 
identification of isolates from 
fermented and unfermented ugba 
 
Fig. 2 shows the variation in mean colony forming 
unit of microorganisms isolated from both samples 
produced in the laboratory and that obtained from 
the market which was produced traditionally 
(TPU). The result indicates that ugba produced in 
a controlled environment had fewer microbial load 
than that obtained from the market. This colud be 
as a result of cross contamination because of the 
nature of market environment as well as the 
handlers. It could also be attributed to the 
nature of production and the unhygienic condition 
of the baskets and other materials employed during 
the production as reported by Njoku et al. (1990). 
 
 
 
 
 
 
 
 
 
 
 
in vitro market 
 
Isolate Grams C O CI SH  M I U G L GAS X HS R 
Codes reaction               
            
F2 + +  -  + + + -  - + + + - -   - 
F3 + +  -  + + - -  - - - - + - - 
F4 + +  -  + - - -  - - - - - - - 
UF2 + + - - + - - - + + + + + - 
UF4 + + - - + - - - - - + - + - 
E - +  -  - - + + - - + - - - - 
K + +  -  + - + -  - - + + - - - 
S + +  -  - - + -  + + - + - +  - 
                 
F2: Bacillus subtilis; F3: Bacillus licheniformis; F4: 
B. sphaericus; UF2: B. pumilis; UF4: B. firmus; E: 
E. coli; K: Klebsiella sp.; S: Staphylococcus aureus; 
C: catalase test; O: Oxidase; CI: citrate; SH: 
starch hydrolysis; M: motility; I: indole; U: 
urease; G: glucose; L: lactose; HS: hydrogen 
sulphide; X: xylose and R: raffinose tests. 
 
Fig. 2: Variation in mean colony forming unit of 
microorganisms isolated from both LPU 
and TPU 
 
Estimation of pentose and hexose sugar content 
of ugba seed from 0 h to 144 h was made [Fig. 
3]. This result showed that there was drastic 
reduction in dietary carbohydate content as 
fermentation progressed. Highest decrease was 
however observed in pentose sugar. 
 
Fig. 4 on the other hand showed a greater reduction 
in dietary carbohydrate of ugba after boiling than 
during steeping. This was deduced by assaying the 
pentose and hexose sugar content of water used in 
boiling and steeping of ugba. The high value obtained 
from the water used in boiling over that used in 
steeping indicates that most of the monosaccharides 
were lost during boiling. This finding however, is in 
line with the report of Oboh 
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et al. (2000) who studied the effect of cooking, soaking 
and germination on the oligosaccharide content of 
selected Nigerian legume seeds. It also gave more 
credence to the findings of Azeke et al. 
 
(2006) who worked on the comparative effect of 
boiling and solid substrate fermentation on the 
flatulence potential of African yam bean 
using tempeh fungus. 
 
Consequently, increased loss of pentose and hexose 
in ugba when boiled could help in reduction in 
flatulence potential of the food (Onyesom et al., 
2005; Azeke et al., 2006). On contrary though, 
steeped ugba posses a greater advantage as it will act 
as prebiotics in the colon which according to Meyer 
(2004) and Dolson (2014) are food components/ 
fermentable carbohydrates that support the growth of 
certain bacteria in the colon. Such organisms while 
feeding on these carbohydrates, produces 
 
in this study encouraged growth of fermenting microbes 
more than laboratory produced ugba (LPU) that was 
boiled instead of steeping which drastically reduced 
substrate for microbial metabolism. The percentage 
prevalence of these microbes, as shown in Fig. 4 
depicted the absence of other microbes listed in Table 1, 
was observed in LPU except B. licheniformis, B. 
sphaericus and B. subtilis. LPU hence haboured 30% of 
the total isolates observed in this study whereas the TPU 
recorded 70%. Bacillus specie has also been reported as 
producer of enzyme “amylase” which is involved in the 
degradation of carbohydrate (Odunfa 1986). This 
carbohydrates as indicated using the biochemical test on 
starch hydrolysis agrees with the findings of this 
research. 
 
The microbial amylase therefore hydrolyses 
carbohydrate into sugar which is then made 
readily digestible by human. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Days of fermentation in hour 
pentose    hexose 
   
 
Fig. 3: Quantitative estimation of pentose and 
hexose sugar reduction during ugba 
fermentation 
 
many beneficial substances including short-
chain fatty acids (SCFAs) and certain B-vitamins. 
However, the pros and cons of the traditional 
products (TPU) such as those bought from the 
market is the hygenic nature of the environment 
and handling processes starting from the point of 
production which is evident in the microbial load 
and types of microbes obtained from such product. 
 
Generally, increase in dietary carbohydrate content of 
the traditionally produced ugba (TPU) as evident 
 
 
 
 
 
 
 
 
 
 
pentose hexose 
water after boiling water after steeping 
 
Fig. 4: Quantitative estimation of pentose and 
hexose sugar in water used in boiling and 
steeping 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Percentage prevalence of isolates per ugba 
product 
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Generally, a study elsewhere (Achinewhu and Ryley,  
1986) reported that monosaccharide sugars as 
pentose decrease more than hexose as 
fermentation progresses but increase in glucose 
(hexose) is attributed to the hydrolysis of 
complex galacto-oligosaccharide in the ugba 
seed by fermenting enzyme. This also agrees 
with the findings of this study (Fig. 3). 
 
The concentrations of plasmid DNA extracted 
from the isolates in the samples are as shown in 
 
Fig. 6. The presence of pure DNA molecules was 
measured using Nanodrop spectrophotometer 
(Nanodrop Nd 1000), indicating if it is within the 
standard ratio of 1.8 – 2.0 ng/µl aside which the 
presence of impurities can be implicated. The 
result (Fig. 7) depicts that plasmid DNA of isolates 
were pure. The bands of extracted plasmid DNA 
was viewed after running gel electrophoresis using 
UV-transilluminator (a CLINX 
photodocumentation system). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6: Concentration of plasmid DNA extracted from Bacillus species 
isolated from fermented TPU and unfermented LPU 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7: Purity of plasmid DNA extracted from Bacillus sp. from fermented 
and unfermented ugba on comparison with the standard value 
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Fig. 8: Plasmid profile of Bacillus species isolated from fermented and unfermented samples 
 
Legend: M = Hind III digest DNA marker. Lane 1 – 8 = Bacillus sp. from 
fermented Ugba; Lanes 9 – 12 = Bacillus sp. from non-fermented ugba 
 
 
The plasmid profile of the Bacillus species 
isolated from this study has fermentative genes 
responsible for the production of amylase, hence it 
persists during fermentation. This also indicates 
the different DNA molecules type with different 
sizes hence can perform different functions 
(Lehmann et al., 2007). This is in agreement with 
the report made by Cruger and Annelaise (1989) 
who stated that plasmid code for numerous and 
varied cell function, fertility, antibiotic resistance, 
production of bacteriocin and other antibiotics as 
well as enzymes which can be harnessed for 
cloning as well as for industrial purposes. 
 
Conclusion  
Conclusively from this study, it was discovered 
that ugba (Pentaclethra macrophylla) produced 
from the laboratory had less microbial load than 
the traditionally produced product obtained from 
the market, indicating that a good manufacturing 
practice should be adopted. Fermentation 
enhanced hydrolysis of galacto-oligosaccharide 
which makes the seed more digestible and 
improves taste, hence it is encouraged that ugba 
(Pentaclethra macrophylla) should be fermented 
before consumption. Although, some that escape 
 
 
digestion serve as good prebiotics in the colon of 
human. Isolation of other types of Bacillus species 
also helped to disprove the fact that Bacillus subtilis 
is the major organism responsible for fermentation in 
ugba. Bacillus licheniformis obtained in this study is 
a ubiquitous, saprophytic, soil bacterium that 
contributes to nutrient cycling due to its ability to 
produce a wide variety of enzymes as amylases and 
proteases. The possession of plasmids by these 
isolates showed that these isolates should be 
exploited in industrial production of some of these 
enzymes. Study on sequencing of the genes and 
cloning is however, recommended. 
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